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Inclusive prompt photon + hadron/jet (work in progress with KolbZ, Roy, Schenke, Venugopalan )



Dijet and dihadron studies at small-x
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Inclusive dijets In ep-eA"
collinear pQCD, TMDs and CGC



Inclusive dijet production from collinear pQCD

Two channels: quark initiated vs gluon initiated
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dominant channel at small-x



Inclusive dijet production from CGC

The dipole picture: Multiple scattering and Wilson line correlators

Dense gluon beld Ag ! 1/g needs resummation of multiple gluon interactions

P Light-like Wilson line:
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McLerran, Venugopalan. Phys.Rev.D!49!(1994)!12233-2241"

Phys.Rev.D!491(1994)13352-3355 For exclusive dijet see YoshitakaOs talk W 9:30



Inclusive dijet production from CGC
CGC and TMD at Leading Order

Dominguez, Marquet, Xiao, Yuan. Phys.Rev.D!83!(2011)!
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For iTMD see PiotrOs talk W 11:40



Beyond the TMD factorization:
Dijets and CGC Multi-gluon correlations



Setup for dijet production from CGC

MSntysaari, Mueller, FS , Schenke. Phys.Rev.Lett.!124!(2020)!11,!112301

Kinematics:
W =90 GeV C.0.Mm. energy
Q2 + M i%v + 1 2 M2 = P!2 Q% = 10 GeV? virtuality of photon probe
Xg — W 2 inv 712,
0GeV! P, I 3GeV
di-jet kinematics
Z1 = 2o =0.5

Correlators and small-x evolution:

4
Non-linear Gaussian approximation for the quadrupole and WW gluon TMD Gaussian S)(( 1)X2X!2X!1

2 |
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Small-x evolution of dipole by rcBK with MV initial conditions
L sxh(! |, Xx)

Balitsky. Phys.Rev.D!75!(2007)!014001 Lappi, MSntysaari. Phys. Rev. D 88, 114020 (2013)

Azimuthal angle correlations:

o AT gaX AL a@X relative elliptic anisotropy
dr’ A A =i N9 L 2dl L N 9 cos(2p. 1L )+ |

1Al qgX * 1t Al qgeX
vo = dl, AT 9 T grg A9l
ISotropic elliptic anisotropy



Dijet production: CGC vs TMD
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Dijet production: CGC vs TMD
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Dijet production: CGC vs TMD
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Dijet production from CGC
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Dijet production at small-x (at NLO)

Evolution and impact factor

Real diagrams Roy, Venugopalan Phys. Rev. D 101, 034028 (2020) dijet+photon NLO

MW% Soft photon limit dijet+photon —» recover dijet
—

—
: ““< 1. d = dt @ +"ad )+ O("2)

T T

+3 others O NLO
Virtual diagrams d =d @ +In@X)Hod © +d &P + o2
> { '\ "
5 W log enhanced" Impact factor
& (part of LLx JIMWLK)  (notlog enhanced)
+ 8 others

Dijet studies include LLx JIMWLK/BK+Gaussian, but miss the

_ iImpact factor
Cross section at NLO has

32 (= 4%4+ 8%2) Computing impact factor for dijet production will provide
contributions more theoretical predictive power
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Theoretical/numerical studies of Dijets from CGC

Dijet studies (not exhaustive list):

Dumitru, Skokov, Ullrich LO+ LLx JIMWLK + TMD factorization + fragmentation

MSntysaari, Mueller, FS , Schenke LO+ rcBK/Gaussian + CGC correlators + (only partonic)

Avalilable dihadron studies (not exhaustive list):

Zheng, Aschenauer, Lee, Xiao LO+Sat+Sudakov + TMD factorization + hadronization

Goal: NLO+ NLLx + CGC correlations + fragmentation

What work must be done?

| (1,1F) |
Compute NLO impact factor  d! Incorporate fragmentation of

Numerical implementation of NLLx JIMWLK (BK the partonic results (e.g. Pythia)
available)

E$cient numerics for multi-gluon correlations
(quadrupole In momentum space)
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Inclusive prompt photon + jet
probing gluon saturation



Inclusive prompt photon + jet from CGC at LO

Direct and fragmentation contributions

( work in progress with  KolbZ, Roy, Schenke, Venugopalan )

Start from dijet+photon” Roy, Venugopalan. JHEP!05!(2018)!013

and Integrate anti-quark/jet Computed the impact factor for

parton+photon production at LO
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[ s S —— Direct contribution (dominant for ki1 ) Qs
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| fl\k&f! 1
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TMDs In the back-to-back regime

small-x Feynman diagrams at LO in CGC | |
For pA: Altinoluk, Boussarie, Marquet. JHEP!07!(2019)!079
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Inclusive prompt photon + jet from CGC at LO

Azimuthal angle correlations In direct photon+jet (leading contribution)
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Outlook

Include jet fragmentation to our partonic OdijetO and OjetO+photon cross-
sections (e.g. Pythia). Reconstruct small pr jets.

Go beyond Gaussian and include JIMWLK evolution.

Include NLO contributions, impact factor + evolution.

Constrain dipole and quadrupole correlators from di#erent DIS processes at
small-x (e.g. dijets, dijet+photon, jet+photon, trijets, etc).

Does the CGC-TMD correspondence at small-x to all twist hold at NLO?



Thank you."

Any questions?
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